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The development of homologous recombination-based gene targeting is a landmark breakthrough in Drosophila genetics (GONG and GOLIC 2003; RONG and GOLIC 2000) . In particular, the so-called "ends-out" or replacement-type gene targeting offers a straightforward approach for generating either knock-out or knock-in alleles. To date, there are already more than twenty genes that have been modified by ends-out targeting (Supplementary Table 1 ). Nonetheless, the frequency of target-specific homologous recombination in Drosophila varies tremendously, ranging from higher than 1/200 gametes (MANOLI et al. 2005) to less than 1/350,000 (JONES et al. 2007 ) (also Y. H, unpublished data)--i.e., a more than 1800-fold difference. In cases of low targeting efficiency (<1/100,000 gametes), ends-out targeting can be exceedingly time-and laborintensive. Here, we optimized the current ends-out targeting scheme by focusing on improving the scalability and throughput of its major genetic crosses. As illustrated in (GRETHER et al. 1995) . We named these modified stocks "6934-hid" and "6935-hid" (Fig. 1b) and see below). Therefore, we introduced a negative selection marker into the current ends-out targeting scheme, so the majority of non-targeted integrations may be directly eliminated before they are subject to any further screening and mapping efforts. Ectopic expression of another cell death gene reaper (rpr), similar to hid, also causes strong lethality (WHITE et al. 1996) . As illustrated in Figure 2b, Fig. 2c ), based on pRK1 and pRK2, respectively. Crb is a transmembrane protein essential for developing cell polarity (TEPASS et al. 1990 ). We plan to study the trafficking and dynamics of Crb by tagging it with a photo-convertible fluorescent protein mEosFP (WIEDENMANN et al. 2004) . dArf6 (Arf51F) is a small
GTPase that may play key roles in Drosophila muscle and nervous system development, although no dArf6 mutants are currently available. dArf6 KO targeting aims to delete 2.158kb of the dArf6 locus that includes all the coding exons plus the 3'UTR ( Fig. 2c ).
We obtained multiple transgenic lines from both targeting constructs at normal frequency (Supplementary Table 2 ), indicating that UAS-Rpr in pRK1 and pRK2 was sufficiently silent in the absence of the Gal4 driver and did not adversely affect the routine Pelement-based transgenic process. All the transgenic donor lines were larval or pupal lethal when crossed with neuronal-specific drivers Gal4 477 and Gal4 221 (Supplementary   Table 2 ) (GRUEBER et al. 2003) . Gal4 221 /UAS-Rpr also consistently produced very few adult escapers of a fully penetrated wing inflation phenotype ( Supplementary Fig. 1d ).
To evaluate the effectiveness of UAS-Rpr without any bias, we first carried out [-] , while 11/14 of the 3 rd chromosome candidates are Rpr [-] of which seven were confirmed by PCR to have the correct targeting events ( Supplementary Fig. 1a ).
Extrapolating from these data, selecting against UAS-Rpr in the screening cross of crb::mEosFP KI would eliminate more than 96% (253/263) of false positives (Table 1 ). In addition, UAS-Rpr selection also eliminates tandem-insertion mutants (GONG and GOLIC 2003) , which can be difficult to distinguish from true targeting candidates by simple PCR assays ( Supplementary Fig. 1b,c) 
2007).
Compared with the "rapid scheme" in which preliminary candidates were screened for the loss of FRT sites (GONG and GOLIC 2003; RONG et al. 2002) , UAS-Rpr selection is more efficient since it directly eliminates false positives. In addition, we found that majority of the false positives (57%-87%) had damaged FRT sites (Table 1) ; therefore, they could only be eliminated by UAS-Rpr selection but not by the FRT test.
Since the I-SceI sites are positioned rather close to the FRT sites in ends-out targeting constructs, we speculate that the frequent FRT damages seen here were most likely due candidates Rpr [-] : 3 0/3 3/3 0/3 n/d candidates Rpr [-] : 2 0/2
candidates Rpr [-] : 0 --------Rpr + : scored by lethality or strong wing phenotypes in the presence of Gal4 221[w-] or Gal4 477[w-] . The total number of Rpr [-] Table 2 ). n/d: not done. --: not applicable. 
